. With the decrease of MgO content and the increase of Mg 2 SiO 4 content, the diffraction peaks from MgO decrease gradually and the diffraction peaks from Mg 2 SiO 4 increase. Therefore, Mg 2 SiO 4 -MgO combination can prohibit the formation of Ba 2 (TiO)(Si 2 O 7 ) phase. Ti K α1 Ba L α1 Sr K α1 (Chang & Sengupta, 2002; Sengptal & Sengupta 1999; (Maiti et al. 2007b (Maiti et al. , 2007c (Maiti et al. , 2008 Fig. 12 and Fig. 13 ).
FESEM Mg Kα1_2
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Ferroelectric-dielectric solid solution
Forming ferroelectric-dielectric solid solution is another method to reduce material dielectric constant and loss tangent. Some non-ferroelectric complex oxides with perovskite structures have relatively low dielectric constant and low loss tangent. It is expected that they can be combined with barium strontium titanate to reduce material dielectric constant and loss tangent. Furthermore, it is possible for them to form solid solutions with barium strontium titanate because they have the same perovskite structure as barium strontium titanate. Single phase material is favorable for the thin film deposition. On the other hand, some perovskite oxide has positive temperature coefficient of dielectric constant and it can decrease the temperature coefficient of dielectric constant of barium strontium titanate above Curie temperature.
3.1 Ba 0.6 Sr 0.4 TiO 3 -Sr(Ga 0.5 Ti 0.5 )O 3 solid solution Sr(Ga 0.5 Ta 0.5 )O 3 has a comparatively small dielectric constant (27 at 1MHz), a positive temperature coefficient of dielectric constant (120ppmK -1 ) and a low dielectric loss (Q=8600 at 10.6 GHz) (Takahashi et al. 1997 (Xu et al. 2008 ). Table 5 .
We can see that the measured At% is consistent with the theoretical value within the error range. The result also proves the formation of solid solution further. (Qf=59000GHz) (Cho et al. 1997) . For Nd(Mg 0.5 Ti 0.5 )O 3 , the corresponding value is 26, -49 ppmK -1 and 36900GHz, respectively (Cho et al. 1999) . XRD analysis showed that they can form solid solution with Ba 0.6 Sr 0.4 TiO 3 ( Fig. 25 and 26 
Discussion
Forming ferroelectric-dielectric solid solution and composite both can reduce the dielectric constant of ferroelectrics efficiently, but has different effect on the dielectric properties of ferroelectrics. (1). Forming solid solution can decrease the dielectric constant of ferroelectrics more rapidly when the doping content is nearly the same. The dielectric constant of 0.5Ba 0.6 Sr 0.4 TiO 3 -0.5La(Mg 0.5 Ti 0.5 )O 3 is 55, which is far lower than that of 60 wt% MgO-mixed Ba 0.6 Sr 0.4 TiO 3 (ε=118) (Chang & Sengupta 2002; Sengupta & Sengupta 1999) (Chang & Sengupta 2002; Sengupta & Sengupta 1999) .
Some authors addressed the dielectric response of ferroelectric-dielectric composites theoretically and various composite models were used to evaluate the dielectric constant, tunability, and loss tangent Sherman et al. 2006; Tagantsev et al. 2006) . As Tagantsev stated (Tagantsev et al. 2006) , mixing a tunable ferroelectric with a linear dielectric may modify the electrical properties of the material due to mainly two effects: (i) "doping effect",-effect of doping of the ferroelectric lattice via the substitution of the ions of the host material and (ii) "composite effect"-effects of redistribution of the electric field in the material due to the precipitation of the non-ferroelectric phase at the grain boundaries or in the bulk of the material. The first effect results primarily in a shift and smearing of the temperature anomaly of the permittivity. The second effect leads to a redistribution of the electric field in the material. For ferroelectric-dielectric solid solutions, "composite effect" can be excluded. We can deduce that the addition of low loss perovskite dielectric influenced the chemistry and microstructure of the material, which resulted in the change of dielectric properties of materials. In ferroelectric-dielectric solid solution, a high degree of structural disorder due to random cation arrangement in both A-and B-sites is present, addition of pervoskite dielectrics apparently destroys the ferroelectric state, leading to the sharp decrease of tunability. For ferroelectric-dielectric composites, "doping effect" can be ignored. The effect of the dilution-driven field redistribution in the material is the main manifestation of addition of the dielectric into ferroelectrics in two-phase or multiphase composite. The reduction of the volume of ferroelectric, which is responsible for tuning, causes suppression of the tunability of the material. In ferroelectric-dielectric composites, ferroelectrics host lattice remains unchanged and the decrease of tunability is mainly due to ferroelectric dilution. "Destruction" in solid solution and "dilution" in composite has different effect on the tunability. Therefore, forming ferroelectric-dielectric solid solution can cause the decrease of tunability more sharply. In ferroelectric-dielectric composite, the big contrast in the values of dielectric constants of linear dielectrics and the ferroelectric affects the redistribution of the electric field around the dielectrics. The dielectric constant of the ferroelectric under applied electric field becomes in-homogeneously distributed over the volume of the ferroelectric. The overall tunability of the composite, thus changes. Two competitive phenomena affect the tunable properties of the ferroelectric when it is diluted with a dielectric (Sherman et al. 2006) . First, the reduction of the volume of ferroelectric, which is responsible for tuning, will cause suppression of the tunability of the material. Second, the redistribution of the electric field surrounding the linear dielectrics will affect the local tuning of the ferroelectric. Depending on the shape of the linear dielectrics and on the dielectric constants of the components, the impact of each of these two effects on the composite tunability is different and the second effect may be stronger (Sherman et al. 2006 The multiple-phase ferroelectric-dielectric composites are useful for tunable microwave applications requiring low dielectric constant and make the impedance match more easily. The ferroelectric-dielectric composite bulk ceramics show promising application, especially in accelerator, as active elements of electrically controlled switches and phase shifters in pulse compressors or power distribution circuits of future linear colliders as well as tuning layers for the dielectric based accelerating structures (Kanareykin et al. 2006 (Kanareykin et al. , 2009a (Kanareykin et al. , 2009b . The ferroelectric bulk ceramics can also be used in ferroelectric lens (Rao et al. 1999 ).
The ferroelectric-dielectric composites might complicate method to effectively deposit films. Therefore, the advantage of ferroelectric-dielectric solid solution over composite is that single phase materials is favorable for the thin film deposition. At the meantime, the tunability of solid solution can be increase to relatively high level by increasing applied electric field. Generally, linear dielectric with perovskite structure can form solid solution with ferroelectric BST. Different linear dielectrics has different effects on the dielectric properties. Among studied solid solution, Ba 0.6 Sr 0.4 TiO 3 -La(Mg 0.5 Ti 0.5 )O 3 shows better properties. It is necessary to increase the density of the solid solution, meanwhile, prevent the reduction of Ti 4+ .
Conclusion
Forming ferroelectric-dielectric composite and solid solution can reduce the dielectric constant of ferroelectrics efficiently, but the mechanisms affecting dielectric properties differ in composites and solid solutions. Forming ferroelectric-dielectric solid solution can improve the loss tangent of ferroelectrics more effectively and is beneficial to film deposition. Forming ferroelectric-dielectric composite is more efficient to decrease the dielectric constant of ferroelectrics to a low value and maintain tunability at a sufficiently high level.
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